Stanford type A aortic dissection is a kind of cardiovascular disease which seriously threatens human life and health. It has the characteristics of rapid onset, rapid progress and high mortality. Surgical treatment is a recognized treatment for type A aortic dissection. There are many disputed places in the actual clinical work about the timing, prognosis and methods of the operation. This study aims to establish an early mortality risk scoring system for acute Stanford A aortic dissection surgery patients. Methods and analysis: The structured data of patients with acute type A aortic dissection were collected. The primary outcome is death during hospitalization. Secondary outcomes will include re-operation and related complications. A risk scoring system of patients with acute type A aortic dissection undergoing surgical treatment will be established. Prospective data will be used to validate the risk stratification ability and accuracy of the model in operative risk prediction.
Introduction
Acute aortic dissection (AAD) is a rare and extremely dangerous cardiovascular surgical disease with an annual incidence of 3-4 per 100,000. About two-thirds of the patients with AAD involve ascending aorta, which is classified as type A according in Stanford classification [1] . Mortality in patients with Stanford type A aortic dissection was significantly correlated with the extent of dissection, the time from onset to diagnosis, and the method of treatment. If only relying on conservative medical treatment, the mortality rate within 24 h of onset is as high as 20%, and up to 50% within 2 weeks. In recent IRAD database published data, the early hospital mortality rate is 59% [2] . Because the main cause of early death is aortic rupture, surgical repair before rupture is currently recognized as the main treatment of type A aortic dissection. According to the extent and progress of dissection, a variety of surgical methods can be selected for aortic repair. However, as a large-scale cardiac surgery requiring deep hypothermic circulatory arrest and selective cerebral perfusion, the hospital mortality rate of type A aortic dissection is higher than that of other types of cardiac surgery. Multicenter data show that the hospital mortality rate within 60 days or in the early stage is about 23% [3] . By establishing risk prediction model, we can not only comprehensively assess the risks of surgery before operation, but also distinguish the severity of patients' disease, stratify the risk levels, and help clinicians choose the best treatment strategies according to the individual characteristics of patients, so as to reduce the mortality and complication rate of surgery.
Methods and analysis

Aims and objectives
The primary aim of the study is to establish a risk scoring system for Stanford A aortic dissection patients based on the largest database of aortic dissection in northern China. Validate the scoring system in surgical risk assessment and provide the evidence-based medical basis for clinicians in treatment of acute type A aortic dissection. The aim will be achieved in following steps:
Sample size calculation. Retrospective collection of data on acute type A AD surgery patients. Establishment and internal validation of early mortality risk prediction model. External validation of the established model using prospective data. Assign score for each variable and create a clinical risk score.
Study design
This study is designed as a cohort study. The establish of model is conducted using retrospective cohort data, the validation of model is performed using prospective data in our center.
Participants
Inclusion criteria
Patients with acute type A aortic dissection (less than 2 weeks) over the age of 18, the dissection involves the ascending aorta or the arch of the aorta, receive surgical treatment in our center, informed consent by relatives or later on in during the hospital admission when patients regain mental capacity.
Exclusion criteria
The dissection tear was located lower than the left subclavian artery, patients with chronic aortic dissection.
Outcome measures
Primary endpoint events: death during hospitalization, both intraoperatively and postoperatively. Secondary endpoint events: Whether patients was discharged home; if patients was transferred to other hospitals, the reason for transfer need to be collected. Re-operation and hospitalization complications associated with surgery within 30 days of the procedure, such as MODS, sepsis, cardiovascular adverse events, respiratory failure, acute renal failure and nervous system complications ( Table 1 ). The death and complications of the patients after discharge and the detailed time of occurrence were observed by special follow-up personnel through telephone and mail questionnaires.
Data validation and management
Only variables with less than 25% missing will be included in the univariate analysis [4] , only variables with less than 10% missing will be included in the parsimonious regression model, and the missing values will be estimated by multiple imputation method (see Table 2 ).
Data collection will follow Caldicott II principles (http://systems.hscic.gov.uk/infogov/caldicott/). The data of the patients were obtained by inquiring the medical record system by specialized collectors. Study data will be stored and managed using an electronic data capture tools (http://r.empowerstats.cn/dataweb/), including demographic data, co-morbidity, and prior medical history. Echocardiography and aortic computed tomography angiography data was evaluation by experienced ultrasound physicians and imaging specialists in our hospital.
To ensure the realness of data collection, 10% of the patients were randomly selected from the database, and the contents and the original data were checked. Check all patient data entered by the researcher if the error rate of variables entered by the researcher exceeds 5%.
Anticipated recruitment
By collecting retrospective cohort data, 890 patients with acute type A aortic dissection who underwent surgical treatment at our hospital from January 2015 to December 2018 were consecutively collected to form a modeling cohort. Through a prospective cohort study, 890 consecutive surgery patients with acute type A aortic dissection in our center from January 2019 to July 2021 were selected to form a model validation cohort.
Study timelines
Data collection and analysis will be conducted following the time line below 1. From January 2019 to June 2019, collect 890 consecutive patients from 2015 to 2018 retrospectively 2. June 2019, complet the establishment of risk scoring system 3. From January 2019 to June 2021, collect data of validation cohort patients 4. June 2021, Validate and adjust the risk scoring system
Statistical analysis
The area under ROC curve for predicting mortality risk of patients with acute type A aortic dissection was obtained as the main index and the sample size was estimated. According to previous reports, the early surgery mortality rate of acute type A aortic dissection is 10-30%. As the area under ROC curve predicted by European Score System is 0.79. The area under ROC curve is set 0.8 as the reference standard and 0.7 as the acceptable threshold. PASS 11.0 software was used to estimate the sample size needed to establish a mortality prediction model. The significance level (a) is set as 0.05, the grasp degree (1-beta) is set as 0.9, using the bilateral test, the research needs at least. The results showed that at least 890 acute type A aortic dissection who underwent surgery needed to be enrolled in the study.
Continuous variables are expressed as mean ± standard deviation and categorized variables as percentage. T-test, One-Way ANOVA test, Kruscal Whallis H test and chi-square test (categorical variables) were used to determine any statistical difference between different outcome groups. Univariate analysis was used to evaluate the relationship between variables and outcomes, and stepwise method was used to eliminate variables with P > 0.20. Cox proportional hazard model is applied for multivariate analysis and adjusted for the potential confounding. Final models were selected based upon Akaike Information Criterion (AIC) measures of model quality and performance. Hosmer-Lemeshow method was used to test the goodness of fit, c-statistics was used to test the discriminant ability of the model, and NRI was used to test the classification ability of the model. Score assignment is conducted by rounding the adjusted odds ratio for each variable and then a clinical risk score is created. The association between the clinical risk score and the probability for mortality was determined.
Discussion
Because of the particularity, complexity and high perioperative mortality of cardiac surgery, many models for post-operative complications and mortality risk prediction have been designed. For example, the first surgical risk prediction method used in cardiovascular surgery field, the Parsonnet's score in 1989 [14] , due to the existence of related items influenced by subjective judgment of physician, the performance of prediction model is not enough. Similarly, the European System for Cardiac Operative Risk Evaluation (EuroSCORE) [5] , EuroSCORE II updated in 2012 [6] , Ontario Province Risk (OPR) established in 1991, the Society of Thoracic Surgeons score (STS score) [7] , and Cleveland model established in 1992 are also widely used scoring systems to predict early and in-hospital mortality in a variety of cardiac surgery, including aortic dissection. However, these scoring systems for patients undergoing conventional cardiac surgery are not suitable for patients with acute type A aortic dissection [8] . On the other hand, the average age of onset of aortic dissection in China is lower than that in western countries for 10-15 years [9] , and it takes longer from onset to surgical treatment than in developed countries (average 4.5 h in developed countries and 2-7 days in developing countries likes China). Therefore, a scoring system suitable for patients in developing countries is needed to predict their risk of early death and to guide their choice of further treatment strategies. There have been some risk prediction models for aortic related surgery based on limited sample [10] [11] [12] [13] [14] . However, due to inappropriate selection of variables included in the model: most of the models included only medical history and clinical symptoms while not many blood test variables or imaging characteristics was included, their predictive performance is doubtful.
Under the current condition of improved blood test and image examination methods (consequently, there will be fewer patients lack these variables), we urgently need an early death risk prediction model for patients with acute type A aortic dissection receiving surgical treatment in developing countries, which can predict early death and complication risk accurately enough. Although emergency surgery is still the preferred treatment for acute type A aortic dissection, the subgroup of high-risk population identified by this risk prediction model will remind clinicians to take preventive measures for specific complications.
Our center has the largest single-center sample of aortic dissection in northern China, most of which were transferred from neighbouring provinces. As the immense sample size advantage -to our knowledge most European centers can only achieve one-tenth of the number of operations in our center within the same time frame, the experience gained in this study will be more convincing and applicable to developing countries.
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